Purification, characterization, and molecular cloning of a novel keratan sulfate hydrolase, endo-beta-N-acetylglucosaminidase, from Bacillus circulans.
Keratan sulfate (KS) is degraded by various enzymes including endo-beta-galactosidase, keratanase, and keratanase II, which are used for the structural analysis of KS. We purified a novel KS hydrolase, endo-beta-N-acetylglucosaminidase, from the cell pellet and conditioned medium of Bacillus circulans, by sequential chromatography using DE52 and phenyl-Sepharose columns with approximately 63- and 180-fold purity and 58 and 12.5% recovery, respectively. Like keratanase II of Bacillus sp. Ks36, the enzyme, designated Bc keratanase II, hydrolyzed KS between the 4GlcNAcbeta1-3Gal1 structure (endo-beta-N-acetylglucosaminidase), but not hyaluronan, heparan sulfate, heparin, and chondroitin sulfate C, demonstrating a strict specificity to KS. The enzyme digested shark cartilage KS to disaccharides and tetrasaccharides and bovine cornea KS to hexasaccharide, indicating that it prefers highly sulfated KS. Distinct from keratanase II of strain Ks36, the enzyme digested shark cartilage KS at an optimal temperature of 55 degrees C. Based on partial peptide sequencing of the enzyme, we molecularly cloned the gene, which encodes a protein with a predicted molecular mass of approximately 200 kDa. From the deduced protein sequence, Bc keratanase II contained a domain at the C terminus, homologous to the S-layer-like domain of pullulanase from Thermoanaerobacterium thermosulfurigenes and endoxylanase from Thermoanaerobacterium saccharolyticum, and a carbohydrate-binding domain, which may serve to specifically recognize KS chains. A full-length recombinant enzyme showed keratanase II activity. These results may prove useful for the structural analysis of KS toward achieving an understanding of its function.